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ABSTRACT

Introduction:  Trials evaluating the role of 
intravascular imaging in percutaneous coronary 
intervention (PCI) for complex coronary artery 
disease have yielded mixed results. This study 
aimed to compare the outcomes of intravascular 

imaging specifically intravascular ultrasound 
(IVUS) with those from conventional coronary 
angiography in complex PCI.
Methods:  Comprehensive electronic search 
of MEDLINE, EMBASE, and Cochrane data-
bases was performed until March 2023 for ran-
domized clinical trials (RCTs) comparing intra-
vascular imaging with coronary angiography in 
patients undergoing complex PCI. Complex PCI 
was defined per each study, and included PCI 
for American College of Cardiology/American 
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Heart Association (ACC/AHA) type B2/C lesions, 
unprotected left main coronary artery disease, 
or multivessel stenting. The primary study out-
come was major adverse clinical events (MACE).
Results:  The meta-analysis included 10 RCTs 
with a total of 6615 patients (3576 in the intra-
vascular imaging group and 3039 in the coro-
nary angiography group). The weighted mean-
follow up was 28.9 months. Compared with 
coronary angiography, intravascular imaging 
reduced MACE (8% vs. 13.3%; relative risk [RR] 
0.63; 95% confidence interval [CI] 0.54–0.73), 
cardiac death (RR 0.47; 95% CI 0.31–0.73), defi-
nite/probable stent thrombosis (RR 0.48; 95% CI 
0.24–0.97), target vessel revascularization (RR 
0.62; 95%  CI 0.46–0.83), and target lesion 
revascularization (RR 0.61; 95% CI 0.47–0.79). 
There was no difference between both groups 
in all-cause death (RR 0.79; 95% CI 0.53–1.18) 
and myocardial infarction (RR 0.80; 95% CI 
0.61–1.04).
Conclusion:  In patients undergoing complex 
PCI, intravascular imaging—specifically IVUS—
reduced MACE by decreasing the incidence of 
cardiac death, stent thrombosis, and target ves-
sel and target lesion revascularization.

Keywords:  Intravascular imaging; IVUS; 
Complex PCI; PCI; CA

Key Summary Points 

Why carry out this study?

The role of routine use of intravascular 
imaging in complex percutaneous coronary 
intervention (PCI) remains unclear.

Our study aimed to compare the outcomes 
of intravascular imaging (specifically 
intravascular ultrasound) with conventional 
coronary angiography in complex 
percutaneous coronary intervention (PCI).

What was learned from the study?

Complex PCI guided by intravascular 
imaging reduced the risk of major adverse 
cardiac events, cardiac death, definite/
probable stent thrombosis, and target vessel 
and target lesion revascularization compared 
with coronary angiography.

Further efforts should be directed towards 
identifying the barriers behind the low use of 
intravascular imaging especially in complex 
coronary artery interventions.

INTRODUCTION

Despite evolutions in the development of drug-
eluting stents (DES) and technical advances in 
equipment, percutaneous coronary intervention 
(PCI) for complex coronary anatomy continues 
to pose a significant challenge. According to the 
American College of Cardiology/American Heart 
Association (ACC/AHA) lesion morphology 
classification, class B2 and C lesions are 
considered to represent complex anatomy, and 
include features such as ostial location, extensive 
calcification, chronic total occlusion (CTO), or 
long diffuse lesions. Complex PCI, including 
PCI for patients with complex coronary lesions, 
unprotected left main (LM) coronary artery 
disease, or multivessel disease, is associated 
with worse clinical outcomes due to the high 
risk of complications and higher rates of target 
lesion failure [1–7]. Intravascular imaging, 
using intravascular ultrasound (IVUS) or optical 
coherence tomography (OCT), was developed 
to overcome the limitations of conventional 
coronary angiography [8, 9]. Intravascular 
imaging enables meticulous assessment 
of coronary vessels and provides detailed 
information on the blood vessel wall, coronary 
plaque, and stent morphological characteristics; 
thus it enables a patient-tailored approach 
when managing patients with coronary artery 
disease (CAD) [10]. Yet, intravascular imaging 
is still not widely used in real-world clinical 
practice in part because of lack of experience 
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in interpreting images, prolonged procedure 
times, and concerns about reimbursement 
[9, 11]. The use of intravascular imaging 
has been recommended by major scientific 
cardiology societies, to guide and optimize 
stent implantation in selected cases including 
complex PCI [12–14]. Several randomized 
clinical trials (RCTs) have evaluated the role of 
intravascular imaging compared with coronary 
angiography for guiding complex PCI [15–24]; 
however, many studies were underpowered. 
Therefore, we performed a systematic review and 
meta-analysis of RCTs comparing the outcomes 
of intravascular imaging-guided versus coronary 
angiography-guided complex PCI.

METHODS

Data Sources and Search Strategy

A comprehensive electronic search of MEDLINE, 
EMBASE, and Cochrane databases was performed 
through March 2023 for RCTs that compared the 
safety and efficacy of intravascular imaging with 
either IVUS or OCT compared with coronary 
angiography in complex PCI. The following 
search terms were used: “intravascular imaging” 
OR “IVUS” OR “coronary angiography” OR 
“DES” AND “CAD” OR “coronary artery disease”. 
Additional screening of the bibliographies of the 
retrieved articles, ClinicalTrials.gov, and prior 
meta-analyses to identify other related studies 
that did not appear in the initial search. This 
study was conducted in accordance with Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [25] (Supplemental 
Table 1) and the details of the systemic review 
were prospectively registered at PROSPERO (ID 
411453).

Selection Criteria

This study included RCTs that evaluated the 
safety and efficacy of intravascular imaging 
versus coronary angiography in complex PCI. 
Complex PCI was defined as per each study 
(Supplemental Table 2). Only studies conducted 
in human subjects were included and there was 

no language restriction. Conference abstracts, 
review articles, case reports, and cohort and 
non-randomized trials were excluded.

Data Extraction

Data that met the inclusion criteria were 
extracted by two investigators independently 
(MH and SM) which included the study features, 
baseline characteristics, and clinical outcomes. 
Any discrepancy between investigators was 
resolved by consensus.

Outcomes

The study’s primary outcome was major 
adverse cardiac events (MACE) as defined by 
each individual study (Supplemental Table 3). 
The secondary outcomes included cardiac 
death, all-cause death, definite/probable stent 
thrombosis, target vessel revascularization 
(TVR), target lesion revascularization (TLR), 
myocardial infarction (MI), post-procedural 
minimal luminal diameter (MLD), procedural 
time, and fluoroscopy time. Definite/probable 
stent thrombosis was defined according to the 
Academic Research Consortium (ARC) [26, 27]. 
MI was defined per each study (Supplemental 
Table  4). Clinical outcomes were reported 
with the longest follow-up period and on an 
intention-to-treat basis.

Assessment of Quality of Included Studies

The Cochrane bias risk assessment tool was 
used to evaluate the quality of the included 
trials, which included various criteria: random 
sequence generation, allocation concealment, 
blinding of participants and personnel, 
blinding of outcome assessment, incomplete 
outcome data, selective reporting, and other 
sources of bias [28]. Studies were then classified 
into low risk, high risk, or unclear risk of bias 
(Supplemental Table 5).
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Statistical Analysis

Data were pooled by using random effects model 
utilizing the Mantel–Haenszel method. I2 statis-
tic was used to assess the statistical heterogene-
ity among the included studies. I2 values of less 
than 25% were considered low degree of het-
erogeneity, 25–50% were considered moderate 
degree of heterogeneity, and greater than 50% 
were considered a high degree of heterogeneity 
[29]. Outcomes were reported as risk ratios (RR) 
for categorical variables and mean differences 
(MD) for continuous variables. The following 
sensitivity analyses were conducted: excluding 
studies with high risk of bias, including studies 

with consistent MACE definitions, including 
studies with consistent follow-up at 1- and 
2-years outcome, and including studies exclu-
sively using second-generation DES. Subgroup 
analyses including studies reporting LM coro-
nary artery PCI and CTO PCI were also con-
ducted. P values less than 0.05 were considered 
significant. Publication bias was assessed by 
using funnel plots. Statistical analyses were con-
ducted using RevMan 5.4 software (Cochrane 
Collaboration, Oxford, UK).

Fig. 1   Study flowsheet
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Table 3   Baseline quantitative coronary angiographic data of the studies population

Studies Groups Coronary artery lesion Reference 
vessel  
diameter (mm) 
[mean ± SD]

Min  
luminal  
diameter (mm) 
[mean ± SD]

Diameter  
stenosis % 
[mean ± SD]

Lesion 
length (mm) 
[mean ± SD]

LAD % LCX 
%

RCA 
%

Left 
main %

HOME 
DES IVUS 
2010

Intravascular 
imaging-
guided group

56 – 29 3 3.17 ± 0.43 1.1 ± 0.40 82.3 ± 7.6 18.1 ± 7.3

Coronary 
angiography-
guided group

54 – 24 4 2.95 ± 0.34 0.97 ± 0.37 79.2 ± 9.3 17.6 ± 6.7

Kim et al. 
[23]

Intravascular 
imaging-
guided group

62.1 15.2 22.7 – 2.82 (2.58–
3.16)a

0.95 (0.73–
1.23)a

– 29.6 (23.2–
42.8)a

Coronary 
angiography-
guided group

67.5 12.8 19.7 – 2.80 (2.56–
3.15)a

0.93 (0.70–
1.22)a

– 30.6 (24.2–
40.9)a

AVIO 2013 Intravascular 
imaging-
guided group

53.3 – – – 2.67 ± 0.46 0.76 ± 0.46 71.6 ± 15.8 27.4 ± 15.9

Coronary 
angiography-
guided group

48.6 – – – 2.62 ± 0.41 0.65 ± 0.45 75.5 ± 16.1 25.5 ± 15.0

AIR-CTO 
2015

Intravascular 
imaging-
guided group

44.3 20.9 34.8 0 Proximal: 
2.95 ± 0.37

Distal: 
2.26 ± 0.41

– – 28.48 ± 17.76

Coronary 
angiography-
guided group

36.5 14.8 46.1 2.6 Proximal: 
2.89 ± 0.34

Distal: 
2.25 ± 0.44

– – 29.21 ± 19.11

Tan et al. 
[22]

Intravascular 
imaging-
guided group

– – – 100 – – – –

Coronary 
angiography-
guided group

– – – 100 – – – –
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Table 3   continued

Studies Groups Coronary artery lesion Reference 
vessel  
diameter (mm) 
[mean ± SD]

Min  
luminal  
diameter (mm) 
[mean ± SD]

Diameter  
stenosis % 
[mean ± SD]

Lesion 
length (mm) 
[mean ± SD]

LAD % LCX 
%

RCA 
%

Left 
main %

CTO-IVUS 
2015

Intravascular 
imaging-
guided group

41.8 14.4 43.8 – 2.69 ± 0.44 – – 36.3 ± 17.1

Coronary 
angiography-
guided group

46.8 15.9 37.3 – 2.64 ± 0.55 – – 35.5 ± 17.0

Liu et al. 
[24]

Intravascular 
imaging-
guided group

55.7 44.3 62.3 100 – – – –

Coronary 
angiography-
guided group

52.7 49.7 58 100 – – – –

IVUS-XPL 
2020

Intravascular 
imaging-
guided group

66 13 22 – 2.89 ± 0.46 0.83 ± 0.43 71.2 ± 14.4 34.9 ± 10.8

Coronary 
angiography-
guided group

60 16 25 – 2.84 ± 0.45 0.82 ± 0.43 71.4 ± 14.4 35.2 ± 10.5

ULTI-
MATE 
2021

Intravascular 
imaging-
guided group

– – – – – – – –

Coronary 
angiography-
guided group

– – – – – – – –

RENO-
VATE-
COM-
PLEX-PCI 
2023

Intravascular 
imaging-
guided group

44.2 19.3 27.4 10.1 Proximal: 
3.2 ± 0.5

Distal: 2.7 ± 0.5

0.44 ± 0.37 85.4 ± 11.5 28.4 ± 15.9

Coronary 
angiography-
guided group

43.2 18.5 26.4 9 Proximal: 
3.1 ± 0.5

Distal: 2.7 ± 0.4

0.44 ± 0.36 85.2 ± 11.7 26.8 ± 14.8

LAD left anterior descending, LCX left circumflex, RCA​ right coronary artery, SD standard deviation
a Median (interquartile range)
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RESULTS

Included Studies

The detailed study selection process is shown in 
Fig. 1. The final analysis included 10 RCTs with a 
total of 6615 patients: 3576 in the intravascular 
imaging group and 3039 in the coronary angi-
ography group [15–24]. The characteristics of 
the included studies are outlined in Tables 1 and 
2. The baseline coronary angiographic data are 
shown in Table 3. The weighted mean follow-up 
was 28.9 months. The weighted mean age was 
64.9 years, and 73.3% of the patients were men. 
Complex PCI was defined per each study (Supple-
mental Table 2), and included PCI for type B2/C 
lesions, unprotected LM coronary artery disease, 
or multivessel stenting. Most included studies 
included only patients undergoing complex PCI 
[15–19, 21–24], while ULTIMATE (Intravascular 
Ultrasound Guided Drug Eluting Stents Implanta-
tion in “All-Comers” Coronary Lesions) included 
patients undergoing both complex and non-com-
plex PCI [20]. HOME DES IVUS, Tan et al., and 
Liu et al. were single-center studies [15, 22, 24], 
while all other studies were multicenter [16–21, 
23]. The quality of included studies appears in 
Supplemental Table 5. All of the included studies 
were open-label [15–24]. The HOME DES IVUS 
and Tan et al. studies had unclear risk of outcome 
assessment bias [15, 22]. In addition, Tan et al. 
had unclear risk of allocation bias [22]. The other 
studies were considered to be at low risk for bias. 
Inspection of the funnel plot suggested no evi-
dence of publication bias (Supplemental Fig. 1).

Primary Outcome

The primary outcome was reported in all 
included studies [15–24]. The definition of MACE 
was adopted per each study and was reported 
in Supplemental Table 3 [15–24]. Intravascular 
imaging reduced MACE compared with coro-
nary angiography (8% vs. 13.3%; RR 0.63; 95% 
confidence interval [CI] 0.54 – 0.73), with low 
degree of heterogeneity (I2 = 0%) (Fig. 2). Sensi-
tivity analyses excluding studies with high risk 
of bias (RR 0.63; 95% CI 0.54–0.73, I2 = 0%), 
excluding studies including OCT (RR 0.63; 
95% CI 0.53–0.74, I2 = 0%), including studies 
with consistent MACE definition (i.e., composite 
of cardiac death, MI, or ischemia-driven repeat 
revascularization) (RR 0.64; 95% CI 0.54–0.74, 
I2 = 0%), including studies at 1-year follow-up 
(RR 0.64; 95% CI 0.47–0.86, I2 = 0%), including 
studies at 2-years follow-up (RR 0.71; 95% CI 
0.55–0.93, I2 = 0%), and including studies exclu-
sively using second-generation DES (RR 0.57; 
95% CI 0.47–0.70, I2 = 0%) showed similar results 
(Supplemental Fig. 2). Subgroup analyses includ-
ing studies reporting LM coronary artery PCI (RR 
0.62; 95% CI 0.50–0.76, I2 = 0%) and CTO PCI 
(RR 0.66; 95% CI 0.55–0.79, I2 = 0%) showed sim-
ilar results (Supplemental Fig. 4). Other subgroup 
analyses including patients undergoing IVUS (RR 
0.64; 95% CI 0.55–0.74, I2 = 0%) and OCT (RR 
0.49; 95% CI 0.28–0.85, I2 = 0%) showed similar 
results (Supplemental Fig. 4).

Secondary Outcomes

Compared with coronary angiography, intravas-
cular imaging reduced the incidence of cardiac 
death (1.2% vs. 2.4%, RR 0.47; 95% CI 0.31–0.73; 
I2 = 0%), definite/probable stent thrombosis (0.4 
vs. 1.2, RR 0.48; 95% CI 0.24–0.97; I2 = 0%), 
TVR (4% vs. 7.1%, RR 0.62; 95% CI 0.46–0.83; 
I2 = 0%), and TLR (3.6% vs. 6.6%, RR 0.61; 
95% CI 0.47–0.79; I2 = 0%). Intravascular imag-
ing also showed higher post-procedural MLD 
(MD 0.09; 95% CI 0.05–0.14; I2 = 62%) com-
pared with angiography. There was no difference 
between intravascular imaging and coronary 
angiography groups in all-cause death (3.2% vs. 
3.5%, RR 0.79; 95% CI 0.53–1.18; I2 = 0%) and 



393Cardiol Ther (2024) 13:379–399	

MI (3.4% vs. 4.2%, RR 0.80; 95% CI 0.61–1.04; 
I2 = 0%). Intravascular imaging required longer 
procedural time (MD 11.47; 95% CI 6.24–16.70; 
I2 = 69%) and fluoroscopy time (MD 4.76; 95% CI 
3.49–6.03; I2 = 0%) (Figs. 2, 3).

DISCUSSION

In this meta-analysis of 10 RCTs, including 6615 
patients, we evaluated the role of intravascular 
imaging-guided versus angiography-guided 
complex PCI. The principal study findings 
are (1) compared with coronary angiography, 
complex PCI guided by intravascular imaging 
was associated with a lower risk of MACE; (2) 
this benefit was driven by a lower incidence 
of cardiac death, definite/probable stent 
thrombosis, and target vessel and target lesion 
revascularization; (3) there was no difference 
between angiography- or intravascular imaging-
guided complex PCI in all-cause death or MI.

Intravascular imaging-guided PCI was com-
pared with coronary angiography-guided PCI 
in prior meta-analyses [9, 30–34]. However, the 
present meta-analysis is the only one focusing 
on complex PCI. Prior individual RCTs have 
shown that the use of intravascular imaging was 
associated with a reduction of MACE in complex 
coronary artery lesions [15–19, 23]. Our analysis 
not only showed a decreased risk of MACE but 
also showed reduced risk of cardiac death, TVR, 
and TLR, and resulted in higher post-procedural 
MLD. Moreover, this current analysis suggested a 
numerical reduction in the incidence of MI that 
did not reach a statistically significant difference. 
In the current meta-analysis, we included the 
totality of available RCTs, including the recent 
RENOVATE-COMPLEX-PCI trial. RENOVATE-
COMPLEX-PCI involved 1639 patients with a 
median follow-up of 2.1 years; it demonstrated 
that intravascular-guided imaging showed a 
lower risk of a composite of cardiac death, target 
vessel-related MI, or TVR/TLR that was consistent 
with prior study results. Moreover, RENOVATE-
COMPLEX-PCI is the only study that included 
either IVUS or OCT for intravascular-guided 
imaging, while other studies used only IVUS [21].

Complex coronary artery lesions are chal-
lenging to manage and necessitate careful 
consideration of the best treatment strategy. 
Coronary angiography has some drawbacks 
as it provides only a 2-dimensional view of 
the complex 3-dimensional coronary artery 
lumen. It also lacks a detailed understanding of 
plaque morphology and vessel size [32]. There 
are different intravascular imaging modalities, 
including IVUS and OCT which are the most 
common and widely used intravascular imag-
ing techniques. OCT can provide higher spatial 
resolution with better tissue characterization, 
while IVUS allows better tissue penetration 
that enables full-thickness visualization with 
lower resolution which helps the operator with 
decision-making in the PCI optimization [35, 
36]. Both intravascular imaging techniques 
are complementary tools and the use of one of 
these tools depends on the individual’s exper-
tise [37]. In addition, previous studies have 
shown that OCT was noninferior to IVUS [38]. 
The mechanism of intravascular imaging to 
improve outcomes is related to multiple fac-
tors. Intravascular imaging can provide a high-
resolution cross-sectional image with detailed 
tomographic structural information of the 
anatomy of the coronary artery, such as plaque 
morphology and vessel size [9]. Furthermore, 
intravascular imaging encourages optimal cor-
onary stent sizing while avoiding stent malpo-
sition and underexpansion [39, 40]. Moreover, 
it allows for the detection of complications 
such as edge dissections that may be missed 
with coronary angiography [41]. The use of 
intravascular imaging in calcific lesions is 
essential to assess the lesion morphology, as it 
can help quantify the calcium distribution and 
determine the need for atherectomy [42–44]. 
Intravascular imaging may also improve the 
safety and efficacy of atherectomy for calcific 
lesions [42–44]. The role of intravascular imag-
ing use in LM coronary interventions has been 
robustly established, allowing assessment of 
disease distribution and plaque morphology 
that may help guide decisions around the need 
for an upfront two- versus one-stent approach 
[45, 46].

The inconsistent use of intravascular imag-
ing amongst operators in routine clinical 
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practice may be related to increased proce-
dural time, operator experience, and concerns 
of higher costs related to intravascular imag-
ing when compared with coronary angiogra-
phy [47]. However, intravascular imaging has 

Fig. 2   Forest plot for MACE, cardiac death, definite/
probable stent thrombosis, target vessel revascularization, 
and target lesion revascularization among intravascular 
imaging versus coronary angiography groups. CI confi-
dence interval, M–H Mantel–Haenszel

◂

Fig. 3   Forest plot for post-procedural minimal luminal 
diameter, all-cause death, MI, procedural time, and fluor-
oscopy time among intravascular imaging versus coronary 

angiography groups. CI confidence interval, IV inverse var-
iance, M–H Mantel–Haenszel



396	 Cardiol Ther (2024) 13:379–399

proven overall cost-effectiveness as it improves 
the overall burden on healthcare system by 
lowering costs for hospitalizations and urgent 
TVR [48, 49].

Our study had few limitations. First, studies 
included in the current analysis included vari-
ous forms of complex coronary lesions and we 
could not ascertain outcome per types of com-
plex lesions. Second, the use of OCT was evalu-
ated only in one study, which might limit the 
generalizability of the study results to OCT. 
Third, the included studies used various types 
of DES which could alter the study outcomes, 
so we conducted a sensitivity analysis includ-
ing studies exclusively using second-generation 
DES. Fourth, the mean follow-up time was 
28.9 months; longer follow-up could alter the 
observed outcomes. Fifth, there was a lack of 
patient-level data that prohibited more granu-
lar analyses.

CONCLUSIONS

Among patients undergoing complex PCI, 
intracoronary imaging guidance reduced the 
risk of MACE compared with angiography 
guidance, an effect that was driven by reducing 
the incidence of cardiac death, definite/
probable stent thrombosis, and target vessel 
and target lesion revascularization. Further 
efforts should be directed towards identifying 
the barriers behind the low use of intravascular 
imaging especially in complex coronary artery 
interventions.
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